ABSTRACT
INTRODUCTION
Cerebrovascular diseases occupy one of the leading positions on mortality among the population and are among the major causes of disability affecting middle-aged and senior citizens [1] . Lesions of the brain vascular system vary considerably and lead not only to motor and sensory disturbances but also contribute to the development of secondary neurodegenerative changes, mental disorders and dementia [2] . According to "The Seventh International Congress on Vascular Dementia", the development of vascular dementia (VaD) is mostly associated with atherosclerotic lesions of some or other parts of cerebrovascular bed. Normally, the capillary bed plays the leading part in cerebral cells blood supply; pathologically, the capillary and collateral bed, which also has capillaries of its own, does. Large arteries are more likely to be the means of transport and only deliver blood to the capillaries [2, 3] . According to some authors, the number of capillaries in a cubic centimeter of brain tissue makes 3 -4 thousand [3] . Thus, the brain can be described as an organ with the highest level of blood supply.
Brain tissue is extremely sensitive to ischemia. The development of atherosclerotic lesions is a rather lengthy process. In some situations it is slower, usually widespread, affecting smaller blood vessels and causing transient attacks and micro lacunar strokes. It does not cause any hemodynamically significant stenoses or occlusions of larger arterial branches. A lesion of this kind causes chronic ischemia of the brain which in turn leads to neurodegenerative changes, cognitive disorders and progressing dementia [4] [5] [6] [7] .
In other situations, when small arterial branches in one of the pools are affected, the atherosclerotic process is faster, causing stenoses or occlusions of larger intracranial branches. This kind of disease progression leads to the development of larger strokes, also causing secondary neurodegenerative changes, the development of cognitive impairment and dementia [3, 5, 7, 8] .
Hyperlipidemia, hypertension, disorders of systemic hemodynamics and microembolia caused by cardiac rhythm disorders also play an important role in the deve-lopment of VaD. They also contribute to the development of cerebral ischemia [9, 10] .
The number of patients suffering from vascular dementia is constantly growing. According to many authors, VaD makes 20 and even 50% of all types of dementia and ranks second in frequency after Alzheimer's disease in different countries [11] [12] [13] .
Conservative treatment of patients with VaD may be effective only for a certain period of time followed by further growing disorders in the cerebral hemodynamics which do not allow the improvement of blood circulation by therapeutic methods [14] .
Reconstructive vascular surgery, well-established in the treatment of extracranial vessels, is rather difficult to be applied on patients with intracranial lesions due to the anatomical features [15] . Surgical interventions aimed at creation of extra-intracranial arterial anastomosis are not always effective, and debates on the feasibility of such surgical procedures have been going on for years [16] .
Such interventions as balloon angioplasty and stenting of various kinds, which have also proved themselves quite effective in the extracranial parts of the brachiocephalic branches [15] , reveal certain difficulties with small diameters of intracranial arterial branches. In this regard, there remains a need for the development of new transcatheter treatment methods.
MATERIALS AND METODS

Subject of Research
The whole research and all transcatheter interventions have been made with the approval of the Ethics Committee and with the consent of the examined and treated patients and their relatives.
1125 patients aged 29 to 81 (average age 75) suffering from various kinds of atherosclerotic lesions of cerebral vessels were examined during the research 842 (74.84%) male patients and 283 (25.16%) female patients.
Examination of Patients
The general research plan included: computed tomography of the brain (CT), magnetic resonance imaging (MRI), scintigraphy of the brain (SG), rheoencephalography (REG), cerebral multi-gated angiography (MUGA), laboratory diagnosis, and assessment of the severity of dementia, cognitive disorders and everyday life disorders.
CT and MRI of the brain were performed on apparatus "Somatom" (Siemens), "HiSpeed" (GE), "Tomoscan" (Philips), "Apetro Eterna" (Hitachi) following the classical method.
SG of the brain was carried out on a gamma camera (Ohio Nuclear, U.S.) following the classical method in dynamic and static modes using the TC 99M pertechnet at 555. REG was conducted by means of "Reospektr-8" (Neurosoft, Russia) in accordance with the standard automated method determining pulse volume disorders in the hemispheres of the brain.
MUGA of the brain was performed on apparatus Advantx (GE) following the classical method of transfemoral access. Simultaneously, taking into account the start and the speed of the injection, 10 -12 ml of Omni-pack 350 was introduced intra-carotidally and 7 -8 ml intravertebrally. Registration was carried out in direct and side projections in constant subtraction mode at a speed of 25 frames per second. Further on the angiograms obtained in each phase of contrast enhancement were analysed frame by frame [17] . Capillary density analysis was performed in the appropriate phase with an automatic method by means of the computer program "Angio Vision" based on determining the degree of blackening of the corresponding image section [18] .
Laboratory examination was conducted according to generally accepted interventional cardiology schemes and included clinical, biochemical and coagulological examination.
Type of Atherosclerotic Lesion
According to the type of atherosclerotic lesions of brachiocephalic arterial branches, the examined patients were divided in the following way:  intracranial type of lesion-501 (44.53%) patients;  mixed type-519 (46.19%) patients;  extracranial type-105 (9.33%) patients.
Selection of Patients
VaD, along with atherosclerotic lesions of the brain, was identified among 665 (59.11%) patients. In this group, there were 478 (71.87%) male patients and 187 (28.13%) female patients.
Assessment of the severity of dementia was conducted in accordance with J. C. Morris's 1993 classification (The Clinical Dementia Rating) [19] . Assessment of cognitive disorders was carried out by means of the Mini-Mental State Examination (MMSE) [20] (among patients who were physically able to perform the tests).
Assessment of everyday life disorders was done using the Index Bartels Functional Evaluation: The Barthel Index (IB) [21] .
Initial testing was performed during a patient's first examination or on the day of his/her hospitalization. Repeated testing was carried out on the day of the patient's discharge, and then at intervals of 6 -12 months.
According to the severity of dementia, the patients were divided into the following groups:  Group 1 (severity of dementia corresponds to CDR-1) -352 (52.93%) patients;  Group 2 (severity of dementia corresponds to CDR-2) -184 (27.67%) patients;  Group 3 (severity of dementia corresponds to CDR-3) -129 (19.40%) patients. Criteria for the selection of patients allowing for the examination and treatment: 1) Consent of the patient and his or her relatives;
2) The patient's medical condition;
3) The severity of dementia and cognitive impairment, the state of higher mental functions and social adjustment, the severity of intellect disorders;
4) The severity of involutive and vascular changes in the brain.
To perform transcatheter treatment following the method of transluminal laser revascularization, 639 (96.09%) patients were selected.
The groups consisted of patients without serious comorbidities not allowing for the examination and treatment, with fairly satisfactory medical condition in accordance with their age group.
Identified postischemic changes in the brain were subdivided into:  general involutive changes of the cerebral cortex accompanied by an extension of the subarachnoid space were detected in 569 (89.05%) cases;  expansion of Sylvius fissures was detected in 521 (81.53%) cases;  elimination of the boundaries of gray and white matter of the brain was detected in 436 (68.23%) cases;  signs of unocclusive hydrocephalus were diagnosed in 365 (57.12%) cases;  leucoariosis manifestations were detected in 187 (29.26%) cases;  macro-and medium focal postischemic brain cysts were detected in 160 (25.04%) cases;  micro-focal postischemic brain cysts were detected in 29 (4.54%) cases;  single and multiple microcysts were found in 177 (27.70%) cases;  absence of postischemic cysts against the background of atherosclerotic lesions was detected in 273 (42.72%) cases. The slowing of blood flow in the cerebral hemispheres to Tmax 10 -12 sec, T1/2 11 -13 sec was observed in 401 (62.75%) cases; to Tmax 14 -15 sec, T1/2 15 -20 sec-in 238 (37.25%) cases.
Lowering of voluminal pulse blood in the carotid and vertebral systems by 20% -40% was detected in 376 (58.84%) cases, by 40% -60%-in 263 (41.16%) cases.
Occlusive or stenotic atherosclerotic lesions in the pool of the front, middle and posterior cerebral arteries, accompanied by the deposition of calcium salts in the walls of blood vessels, were detected among all 639 (100%) patients of the test group.
The Method of Transluminal Laser
Revascularization of Cerebral Vessels [17, 18, 22] (The efficacy and safety of this method have been proved in earlier experimental and clinical studies [23] [24] [25] [26] .) To conduct revascularization of main intracranial arteries high-energy laser systems were used; for revascularization of the distal intracranial branches low-energy laser systems were used [17, 18, 26] .
Under local anesthesia, according to Seldinger's classical method, the common femoral artery is punctured and catheterized by installing an introducer with a diameter of 6F -9F. Through this introducer and through coaxially brought guiding catheters installed in the general and further on in the internal carotid artery, is brought a flexible fiber-optic laser instrument with a diameter of 50 to 200 microns, coupled with a laser unit. The fiber-optic instrument is guided to the site of intracerebral arteries lesion, after which the laser treatment is carried out. The distal end of the fiber-optic instrument is constantly washed with heparinized saline solution. To carry out X-ray control, small doses of radiopaque substance are periodically introduced. The exposure time depends on the nature of the atherosclerotic lesion, the type of the laser system used, and takes from 30 seconds to 40 minutes. After the endovascular intervention the patient undergoes repeated cerebral multi-gated angiography following the procedure described above, the results of which determine the degree of revascularization and restoration of the cerebral vascular bed [18, 26] . We assume that if the capillary blood flow is not fully restored during the first attempt of the intervention, the manipulation can be repeated, but it was not necessary during the transcatheter interventions described.
Postoperative treatment was carried out by common interventional angiocardiology schemes and dosing. The patients underwent conventional desagrigant, anticoagulant and vasodilator therapy including Aspirin, Heparin, and indirect anticoagulants (depending on the blood coagulation indicators), Pentoxifylline 100 mg, Complamin 150 mg, Inosin 200 mg, Nootropil (Piracetam) 1200 mg (or Gliatilin 1000 mg) intravenously, drop by drop, No. 10 -15; and then they took tablets. Subsequent 3-months courses of tablets were repeated twice a year.
RESULTS
Preliminary Analysis
It should be noted that among patients who have had ischemic stroke, the severity of dementia is not always directly related to the size of the ischemic focus and is often associated with impaired hemodynamics and seve-rity of stenotic lesions of the arterial branches of other pools.
The clinical outcome depended on the severity of the ischemic lesion, the severity of the initial dementia, the expansion of atherosclerotic lesions of cerebral vessels and the timing of transcatheter intervention after the development of the disease symptoms.
Treatment Examples
Here are some examples.
Patient S., male, 57 years old. Suffered a massive stroke of the right hemisphere. Severe vascular dementia, CDR-3. 12 months after the stroke CT of the brain revealed an extensive postischemic cyst in the right hemisphere (Figure 1 ) sized 7.5 × 4.8 × 6.2 cm. SG and REG showed a marked reduction of blood flow and pulse blood with predominance of the process in the right.
Cerebral MUGA revealed subtotal stenosis of the distal part of the trunk of the right internal carotid artery (Figure 2) . The patient underwent transluminal laser revascularization of the right internal carotid artery. Postoperative MUGA showed completely restored patency and lumen of the distal part of the right internal carotid artery (Figure 3) and pronounced collateral revascularization.
SG and REG revealed positive dynamics of blood flow and pulse blood in the hemispheres of the brain.
In 3 months the patient demonstrated the restoration of motor functions, intellectual abilities and professional skills. The severity of dementia was reduced to CDR-1, and the patient returned to his work.
12 months after the treatment no dementia symptoms were observed; repeated CT of the brain revealed reduction in the size of the postischemic cyst (Figure 4) . 5 years after the transcatheter treatment CT ( Figure 5 ) showed a further significant reduction in the size of the postischemic cyst.
Cerebral MUGA (Figure 6 ) revealed completely pre- served patency and lumen of the right internal carotid artery and further progression of collateral revascularization. Clinically, there were no signs of dementia. Patient A., female, 58 years old. Suffered a massive stroke of the right hemisphere. Vascular dementia, CDR-2. 8 months after the disease cerebral MRI revealed an extensive postischemic cyst in the occipital-parietal region of the right hemisphere (Figure 7) .
SG and REG showed a marked reduction of blood flow and pulse blood with predominance of the process in the right.
Cerebral MUGA revealed occlusions of the distal branches of the right middle cerebral artery (Figure 8) .
The patient underwent transluminal laser revascularization. Postoperative cerebral MUGA (Figure 9) showed a complete restoration of the distal branches of right middle cerebral artery and pronounced collateral revascularization. OPEN ACCESS SG and REG showed positive dynamics of blood flow and pulse blood in the hemispheres of the brain. In 3 months the patient demonstrated the improvement of motor functions and intellectual ability; the severity of dementia was reduced to CDR-1.
10 months after the endovascular treatment, repeated cerebral MRI (Figure 10 ) revealed a significant decrease in the size of the postischemic cyst with elements of brain tissue structure restoration. Clinically, there were no signs of dementia.
Patient K, male, 38 years old. Complaints about memory loss, communication difficulties, frequent impossibility to concentrate, fatigue, vestibular disorders. SG and REG showed the reduction of blood flow and pulse blood on both sides. Clinically, the severity of dementia equals CDR-1.
CT of the brain (Figure 11) showed signs of involutive changes and incipient atrophy of the cerebral cortex, multiple postischemic microcysts, calcium salts deposits in the walls of blood vessels.
Cerebral MUGA revealed multiple stenoses of the distal branches of the left and right middle cerebral arteries (Figure 12) .
The patient underwent transluminal laser revascularization of the distal parts of the right and left middle cerebral arteries. The postoperative cerebral MUGA (Figure 13) showed restoration of the distal branches of the right and left middle cerebral arteries and a pronounced collateral revascularization.
SG and REG demonstrated positive dynamics of blood flow and pulse blood in the hemispheres of the brain.
The treatment caused the disease symptoms to rapidly regress, the patient's complaints stopped and he went back to his daily work; no relapse was observed.
8 years after the endovascular treatment, repeated cerebral CT (Figure 14) showed restoration of the patient's brain tissue structure. 
Final Analysis
The treatment carried out has improved the patients' condition, reduced their level of dementia and cognitive disorders, and has allowed shifting them into an earlier CDR-group, or transferring them to the group of patients without dementia. 
Statistical Analysis
Statistical analysis of the data is presented in Table 1 .
Data processing was carried out using the software package Statistica 10 of the Statsoft Company. The analysis of the contingency table comprised according to clinical data was based on the chi-square test (the Pearson Chi-square = 234.95, p < 0.0001; the resulting Chisquare value of 234.95 is significant beyond the 0.001 level) and showed that the null hypothesis of the independence of the studied traits is rejected, i.e. there is a statistically significant relationship between belonging to the group and the clinical outcome.
It should be noted that among patients who had had an ischemic stroke the restoration of motor functions went on slower than the restoration of intellectual ability and cognitive functions and to a greater degree depended on the size of the postischemic cyst, the timing of transcatheter treatment after the stroke and the severity of motor disorders.
Complications
In carrying out the transcatheter treatment there was no thrombosis or embolism in the distal arterial bed. There were no negative effects after the transluminal laser revascularization. After the intervention, 2 patients had developed a minor hematoma at the puncture site of the femoral artery which did not require surgical treatment, but it was not a complication of the applied method of treatment.
DISCUSSION
According to many authors, VaD mostly develops against the background of intracranial or mixed types of atherosclerotic lesions of cerebral vessels [26, 27] . Extracranial lesions of the brachiocephalic branches do not always lead to severe brain ischemia and do not always contribute to the development of cognitive disorders and dementia. Some groups of patients feature occlusions of two extracranial branches which lead to the development of natural collateral blood supply and therefore are virtually asymptomatic, and as a result, the patients are for a long time in a fairly good condition [16, 26] . Lesions of this kind are amenable to easy and successful surgical and interventional therapies [15, 16] , but the restoration of blood flow through the main arteries of the neck does not always solve the problem of developed VaD.
Therapeutic treatment of atherosclerotic lesions of brain vessels, complicated by the development of VaD, it is only effective in the early stages of the disease. Traditional reconstructive surgery and stenting of intracranial branches is very difficult due to the vessels small diameter and their complex anatomical location [15, 16] . Nowadays the restoration of intracranial branches of a small diameter, as well as the stimulation of the collateral and, moreover, the capillary system can be managed only by transcatheter methods using laser energy and fiber optic instruments of very small diameters [18, 26] .
OPEN ACCESS
Given our experience in applying these techniques [23, 24, 26] , it can be concluded that the proposed method is sufficiently safe and efficient. This method is less dangerous than the common technique of transcatheter closure of intracranial vessels aneurysms [28] .
Brain tissue has a low degree of absorption of the visible spectrum laser energy, and therefore, the depth of penetration is a few centimeters [26] . As a result, we cannot exclude that laser treatment effects not only the atherosclerotic tissue and the vascular wall causing the restoration of the arterial and the development of the collateral and capillary blood flow [17, 18, 26, 29] , but it also effects the brain tissue itself. It is likely that transmission of laser energy stimulates metabolic processes in neurons [17, 18] . It is possible that subsequent increase of brain tissue mass indicates the development of various regenerative processes [3, 26, 30] . It is confirmed by a growing number of studies which prove the possibility of regenerative processes in unaffected and ischemic cerebral tissue, both in the experiment and in clinical practice [31, 32] .
Thus, it can be concluded that vascular dementia mostly develops against the background of distal lesions of intracranial arterial branches.
The method of transluminal laser revascularization of cerebral vessels is an effective transcatheter method of small traumacy for the treatment of arterial lesions of the brain complicated by VaD development. The method allows restoring the patency and lumen of vessels of various diameters simultaneously causing collateral revascularization of the ischemic area and near located tissue which in turn reduces the level of dementia and allows patients to be transferred to an earlier CDR-stage, or even, after the complete regression of dementia, to go beyond this scale. The effect persists for a long time; it promotes further regression of VaD signs and improves the patients' quality of life.
